It is widely accepted that the US dollar is the central reference currency for international trade pricing in final goods. At the same time, the dollar is the main invoicing currency for primary commodities. This paper links these two observations within a stylized theoretical framework, and shows how this may be used to obtain a quantitative estimate of the gain to the US economy from the use of the US dollar as a reference currency. With dollar invoicing of primary commodities, US firms bear less exchange rate risk than foreign firms when facing primary commodity price shocks (even when commodity prices are fully flexible). As a result of this asymmetry, all firms in the world will set their export prices in US dollars. This implies a dollar standard in international goods pricing. The paper derives a simple analytical formula to calculate the gains to the representative US household from the dollar standard. We find that the gains are extremely small. JEL classification: F3, F4
Introduction
It is widely acknowledged that the US dollar is the central reference currency for international trade pricing. Goldberg and Tille (2008a) establish that the dollar is overwhelmingly used for invoicing both export and import prices for the US economy. This finding is complemented by Gopinath and Ribogon (2008) , who note that there is a very low pass-through of exchange rate changes into US dollar prices of both export and imports in the US economy. Hence a good approximation is that prices of US imports and exports are set in US dollars. Countries exporting to the US set their prices in dollars, and countries importing from the US accept prices set in dollar terms. Moreover, even for non-US related exports Goldberg and Tille (2008a) note that a substantial component is invoiced in US dollars.
A second empirical characteristic of international trade pricing is that exports of primary commodities, including oil, are substantially invoiced in US dollars. As shown by Goldberg and Tille (2008a), dollar invoicing of commodities is a much more predominant phenomenon even than dollar invoicing of trade in non-primary commodities. Table 1 Table 2 presents some stylized facts regarding US dollar invoicing in overall trade flows for selected countries. 1 This paper links these two observations within a stylized theoretical framework by assuming that the primary commodity goods ('oil') is used an input for the production of the final goods, and shows how we may use this linkage to obtain a quantitative estimate of the gain to the US economy from the use of the US dollar as a reference currency. Our model is one in which the currency of export price invoicing of final goods is endogenous, and chosen by exporting firms themselves. Firms have to set final goods prices in advance, but may choose the currency in which they set goods prices. We show that the practice of US 1 Interestingly, oil prices have been mostly quoted in US dollars since the first drilling in the US in the mid19th Century, even during the predominance of sterling as a world currency (Bamberg, 2000) . As regards other commodity prices, the London Metal Exchange lead contracts were denominated in sterling until 1993, at which point trading switched to US dollars. Lead (with copper) was the last of the LME-traded metals to make the change. dollar pricing of export goods follows as a natural implication of dollar invoicing of primary commodities, both for US exporters and for foreign firms exporting to the US. Hence the convention of dollar invoicing of primary commodities leads naturally to the asymmetric pattern in the currency of price setting for trade in final goods. This holds true even if primary commodities represent only a small share in overall production.
Our model implies that the US consumer gains from the use of the dollar as an invoicing currency. The mechanism by which this occurs is through adjustment of national price levels. When export prices are invoiced in dollars, the US price level is lower than that of the rest of the world, controlling for the monetary rule in each region. Thus, expected (log) consumption in the US is higher than that of the rest of the world, ceteris paribus, and US consumers are better off.
How much better off are US consumers? Our model delivers a simple formula to calculate the magnitude of the welfare benefit that the US obtains from its position as a reference currency. We calibrate by choosing parameters for the relative size of the US economy, the share of primary commodity imports in production, and the volatility of fundamentals driving the exchange rate. We find that the gains to the representative US household are extremely small; at most 0.01 percent of steady state consumption.
Even these estimates depend on the stance of monetary policy. Our first estimate above assumes that monetary policy is determined arbitrarily. But if monetary policy is chosen optimally by each region so as to maximize expected utility in face of sticky nominal prices, then the welfare gains to the US are likely to be even smaller. The reason is that monetary policy is more effective, the higher is exchange rate pass-through. When pass-through into the US economy is limited, this constrains the ability to use monetary policies efficiently in the US relative to the rest of the world. We also find that there may exist multiple equilibria of the game between firms and monetary authorities.
The central message of the paper relies on drawing a connection between the two institutional features of US dollar invoicing of primary commodities and the asymmetric currency of price-setting of US exports and US imports. We take the first feature as exogenous to our model. At first glance, this might seem to be weakness in the analysis. But a key distinction to highlight is the difference between flexible price goods and sticky prices goods. The evidence clearly suggests that nominal prices of primary commodity exports are flexible. Typically, the standard deviation of primary commodity prices is substantially larger than that of bilateral exchange rates. On the other hand, final goods prices are an order of magnitude less variable than bilateral exchange rates. In our model, we assume that primary commodity prices are fully flexible, while final goods prices are sticky (set in advance). Thus, since primary commodity exporters (not modeled directly in our analysis), can adjust their price in response to changes in the exchange rate, it will not matter to them in what currency that invoicing of transactions is made. By contrast, for final goods producers, who have to pre-set the nominal goods price in the invoicing currency, the choice of invoicing currency will affect the distribution of realized profits.
The paper is based on the assumption that the price of oil is an exogenous stochastic process. This assumption is quite common in the literature (see the discussion of oil-based DSGE models below). While in principle, it would be appealing to have a full general equilibrium structure incorporating oil price determination (e.g. by formulating OPEC price decisions), as a first approximation, it may not be a poor assumption to take oil prices as determined separately from domestic decisions over prices and invoice currency. In a technical appendix, we show that allowing oil prices to co-vary with domestic monetary policy shocks does not significantly alter our results.
The paper builds on a number of previous contributions. A substantial group of empirical papers have noted the low degree of exchange rate pass-through into the US economy, both on the import and export side (Engel, 1999 Hartmann (1998). As discussed above, our analysis is based on providing an explanation of this outcome as an endogenous configuration. To our knowledge, the connection between currency invoicing of primary commodities and the adoption of a reference currency in international trade pricing had not been made before.
The theoretical model in the paper relies on a recent literature analyzing the factors which determine the choice of exporting currency for a price-setting firm. On the one hand, partial equilibrium models by Giovaninni (1988) , Friberg (1998) , and Bachetta and Van Wincoop (2005) emphasize the importance of the elasticity of demand and market share.
Alternatively, Devereux, Engel, and Storgaard (2004) look at the same question within a general equilibrium framework, emphasizing the role of aggregate shocks. Our paper falls within the latter approach .
Finally, there are many papers that have incorporated the role of primary commodities, and in particular oil, into macroeconomic models. As in our paper, this literature mostly assumes exogenous oil price shocks (an exception is Elekdag et al, cited below). An important early contribution was Krugman (1983) , which emphasizes the effect of an oil price increase on the US dollar exchange rates. DSGE models. They emphasize the role of oil in production in ways quite similar to the approach we use below. That is, oil is treated as a direct input in the production process. It is combined with capital and/or labor to produce output goods, and the elasticity of substitution between oil and other factors is constant. In contrast to our paper, these papers are particularly concerned with the quantitative business cycle implications of the oil market.
The production specification and dynamic aspects of these models are therefore richer than in the present paper. changes on import prices. In terms of the exchange facilitating role of a vehicle currency, the important implications should be seen in terms of currency holdings, the currency of settlement in transactions, and the currency composition of official foreign exchange rate reserves.
After the first version of this paper was written (Devereux, Shi and Xu, 2005a), our attention was drawn to an interesting complementary paper by Novy (2006) . Novy develops a three country model of endogenous invoicing, and shows the importance of inputs for the choice of currency of invoicing, focusing, among other issues, on the possibility for 'vehicle currencies' in invoicing to arise. Our initial results on the role of oil as an input is similar to that of Novy(2006) . Our paper differs in that we explore the welfare consequences of the invoicing decision, the implications for optimal monetary policy, and provide a quantitative assessment of the gains to the country from having an international currency. This paper is organized as follows. Section 2 presents the benchmark model. Section 3 solves the model and shows that a dollar standard is the equilibrium of firms' choices. 
Basic Model
The world economy consists of two countries; the home country (the United States) and the foreign country. There is a continuum of home goods (and home population) and foreign goods (foreign population) of measures n and 1−n respectively. Each good is produced by a monopolistic competitive firm using oil (or more generally, primary commodities) and labor.
There are three stochastic shocks; country-specific monetary and productivity shocks, and a common oil price shock.
It is also assumed that there exists a full set of nominal state-contingent assets, so asset markets are complete. To simplify the analysis, we abstract from any dynamics by considering a single period model with uncertainty. Since asset markets are complete, this assumption is in fact innocuous. The results from the one period model with complete markets will extend directly to an infinite horizon model.
The structure of events within the period is as follows; Before the period begins, households trade in a full set of nominal state-contingent bonds. The trade in state-contingent nominal assets across countries will lead to a cross country risk-sharing rule (specified in Section 2.1). Then firms choose the currency in which they set their export goods prices, given the cross country risk-sharing rule, and taking into account the way in which they will set nominal prices, as well as the distribution of the stochastic shocks. Following this, but before the realization of shocks, firms set prices, depending on the state-contingent discount factors, and the demand and marginal cost conditions that they anticipate to hold. After the realization of stochastic shocks, households work and choose their optimal consumption baskets, production and consumption take place, and the exchange rate is determined.
The detailed structure of the home country is described below. The foreign country has an identical structure. Where appropriate, foreign variables are indicated with asterisk.
Households
The representative household in the home country maximizes expected utility, defined as:
where 
where P h and P f represent the prices for home goods and foreign goods in the home country, respectively. The equations for the foreign country are analogous, but with prices and quantities denoted by asterisks.
Home and foreign households can trade a full set of ex-ante nominal state-contingent bonds ex-ante. The household enters each period with initial money balances M −1 , obtains wage income , and receives the profit from ownership of home goods firms. It is also assumed that government repays any seignorage revenue to households through a lump sum transfer.
So the budget constraint for the home households in the state ν can be written as:
Meanwhile, the following equation has to be satisfied: assets across countries will lead to the following risk-sharing condition:
where S is the nominal exchange rate, defined as the price of foreign currency in terms of home currency, and P * = P * h n P * f 1−n is the foreign price level. Equation (2.5) is an equilibrium risk-sharing condition. Γ is the state-invariant weight. 3 From the appendix to Devereux and Engel (2003) , we may show that equilibrium in the ex-ante securities market implies that
In addition, the home household's optimization gives rise to the money demand function:
and the implicit labor supply schedule:
Therefore, the nominal wage is proportional to money in circulation. Combining the money market equilibrium for the home and foreign countries with cross country risk-sharing condition (2.5), we can derive the exchange rate as: Both home and foreign firms have to import oil from OPEC. The price of oil is determined exogenously in US dollars. 4 Let the oil price be denoted Q (in U.S. dollars) and assume it follows a log normal distribution.
Oil/Primary Commodity Market
Foreign firms face an oil price Q S , in terms of foreign currency.
Production
Each firm i in our economy has the following production technology.
where O represents the amount of oil used in production, A = 1 α α 1
(1−α) 1−α is a constant parameter, α < 1/2 is the share of oil (or more generally, primary commodities) in consumption (or GDP), and θ is a country-specific productivity shock in the home country, following a log normal distribution 5 .
As noted in the introduction, we do not model the supply side of world oil market and the pricing behavior of OPEC explicitly in this paper. There is strong evidence that the oil price can reasonably be argued as exogenous during the period 1948-1972. See Hamilton (1983 Hamilton ( ,1985 . 5 It does not matter for the results whether the technology shock is Hicks Neutral or Harrod Neutral (or labor augmenting). This approach is slightly easier notationally.
The country-specific shock θ * in the foreign country is analogously distributed, and σ 2 z = σ 2 z * . Marginal costs for home and foreign firms in term of their own currencies, respectively, are
Equations (2.13) and (2.14) imply that the oil price shock has a direct impact on the firm's production cost, but the firms are in an asymmetric position in that the foreign firm's marginal cost depends both on the world dollar oil price, as well as its bilateral exchange rate against the US dollar. This asymmetry in cost structure will affect the endogenous currency of pricing decision for both home and foreign firms.
Monetary Shocks
In the baseline model, neither home or foreign monetary authorities are active. The money shocks in each country just follow a log normal stochastic process.
where the terms u and u * represent uncontrollable disturbances to money supply. These could represent financial innovation shocks, or implementation errors for policy makers. We assume that u ∼ N (0, σ 2 u ), and u * ∼ N (0, σ 2 u * ) 6 , and σ 2 u = σ 2 u * . We also assume that the three external shocks are independent, i.e., the covariance terms between {u, u * , z, z * , q} are all zero.
Endogenous Currency of Pricing
When a firm sells abroad, it can set its export prices in its own currency (PCP) or in buyer's currency (LCP). Whatever currency it chooses, it must set the price before the state of the world is known. If firms could freely reset their price after shocks are realized, they would be indifferent to the currency in which they set their export prices. There would then be no reason for one currency to become a reference currency for international pricing. Moreover, if nominal prices were flexible, the invoicing currency for oil pricing would not be a concern for firms.
Each firm i in the home country, selling a differentiated good to the foreign market, faces a CES demand curve,
where P * hf (i) is the price the foreign consumer pays for home-produced goods i. P * hf is the price index for all home goods purchased by the foreign consumer, and P * is the foreign country consumer price index. These prices are expressed in foreign currency. There is no loss of generality in expressing them in this way. If the home exporter i follows LCP, then she will directly choose P * hf (i) Lcp in advance. If on the other hand, she follows PCP, then she chooses P hf (i) P cp , and the price facing the foreign buyer will be P * hf (i) =
If the home firm i sets its price in its own currency (the currency of producer, PCP), then expected discounted profits from selling to foreign consumers are
where d = 1 P C ρ is the marginal utility of home households, which is used as the stochastic discount factor for home firms. M C is the marginal cost of home firms.
If the home firm i sets its price in the foreign currency (the currency of buyer, LCP), then expected discounteds profits are
The home firm will set its price in its own currency if the expected profit differential Ω is positive. Thus, it follows PCP whenever
In Devereux, Engel, and Storgaard (2004), it is shown that the above optimal condition can be approximated as:
We denote s here as the log exchange rate. As derived in Devereux, Engel, and Storgaard (2004), the
The equivalent condition for the foreign firm to follow PCP is given by
That is, if a firm chooses its export price optimally, then up to a second order approximation, its decision depends only on the variance of the (log) exchange rate and the covariance of exchange rate with marginal cost, and is independent of the variance of market demand, the financial market structure and the prices of all other firms. In our model, due to the complete asset market assumption, the exchange rate is fully determined by money supply shocks and will not be affected by the measure of firms choosing PCP or LCP. Thus, all firms in one country will choose the same pricing strategy.
Equilibrium
Given the stochastic processes {u, u * , z, z * , q}, a symmetric equilibrium is a collection of
, B * (ν)}, and price system {P , P * , W , W * , P h ,
, B * (ν)} solve the consumer's optimality problem, subject to his budget constraint.
• {P h , P f , P * h , P * f } solve the individual firm's optimal pricing problem.
• The strategy of currency of pricing for each firm is optimal.
• The labor, goods, and money markets clear.
Model Solution
To derive the solution to the baseline model, firstly, we have to find the optimal currency of pricing decision for the firms. Then given the optimal pricing policies, we solve for the endogenous variables contingent on the realizations of external shocks. Finally, we calculate the expected welfare for the home and foreign consumers. 
The Currency of Pricing
From Appendix A, we can derive the expected profit differential for both home and foreign firms as follows:
This implies that all firms in the home country will choose PCP and all firms in the foreign country will choose LCP, and the home currency (US dollar) will be the reference currency for international goods pricing. Thus, we can state the following proposition. The proof is given in Appendix A. The intuition can be developed from conditions (2.21) and (2.22). As discussed in Footnote 7, exchange rate volatility makes PCP more attractive, while a positive (negative) covariance between the exchange rate and marginal cost reduces expected profit for the home (foreign) firm, making LCP more desirable. In our model, the variance of the exchange rate is the same for both home and foreign firms. The covariance between exchange rate and marginal cost, however, differs across countries and depends critically on the currency in which oil is invoiced. For home firms, since oil price is quoted in home currency (the US dollar), the covariance of marginal cost and the exchange rate is relatively small, tilting the benefits towards PCP pricing. For foreign firms, marginal costs are additionally sensitive to the exchange rate because oil is quoted in US dollars.
As a result, the covariance between marginal costs and the exchange rate is negative, and dominates the direct effect of exchange rate variance on profits, so long as α > 0. So the foreign firm's optimal pricing policy is LCP.
From Proposition 1, we see that the existence of the dollar standard does not depend on the size of the share of oil (or primary commodities) in production. This is partly due to our assumption of constant returns to scale in labor and oil. The technical appendix shows that with decreasing returns to scale, a lower share of oil in production gives rise to other possible pricing equilibria. But the dollar standard continues to be an equilibrium.
Another way to see the intuition of proposition 1 is based on a hedging argument. If marginal cost is independent of exchange rates then both firms would have higher expected profits under PCP, because profits are convex in the exchange rate under PCP, but linear in the exchange rate under LCP. But for the foreign firm, marginal cost is strongly negatively related to the exchange rate. Then under PCP, when the exchange rate falls (a depreciation of the foreign currency), demand for foreign goods are higher, but foreign marginal costs are also higher. So PCP pricing represents a poor hedging policy in the sense that periods of high sales are associated with high marginal cost, and vice versa, leading to lower expected profits. By contrast, LCP pricing is preferable, because then demand for foreign goods is not directly moved by changes in exchange rates.
For simplicity, we have imposed the condition that σ 2 u = σ 2 u * in Proposition 1. However, we can show that all firms will want to set their export prices in the US dollar as long as 
Model Solution
Given the determination of the currency of export pricing, the model admits a simple solution. This is explained in detail in the Technical Appendix. First, we can solve for the pre-set nominal prices of home and foreign goods, based on the firms optimal pricing first-order conditions. Given that both home goods and imported foreign goods in the home market have prices preset in home currency, the home CPI is completely predetermined and independent of external shocks. But there is positive exchange rate pass-through into the foreign CPI. This is an important channel through which a dollar standard may affect the global economy.
Then, for given pre-set prices, we may solve for consumption and employment levels in each country. In fact, consumption may be explicitly derived as:
8 As mentioned in Section 2.3, α, the share of oil (or more generally, primary commodities) in consumption (or GDP), is assumed to be less than 1/2.
This implies that home country consumption is independent of the realization of the foreign country money supply. This follows directly from the fact that the home country CPI is predetermined. But with full exchange rate pass-through into imported goods prices, foreign country consumption is affected by the home country monetary shocks.
Welfare Comparison
We now compare the welfare of a representative household in the home country with that in the foreign country and check if the US household gains when a dollar standard exists.
It is assumed that the welfare of the household can be measured as 9
Expected utility of the household is a function of variances and covariance terms of log consumption and log exchange rate. Thus, given the solution to the consumption and the exchange rate, we may rewrite welfare in terms of the variance of external shocks. From properties of the pricing setting equations in home and foreign country, and the labor market clearing condition in the home country, as shown in the Technical Appendix, we can establish that
Combining (3.4) and ( 3.5), we may rewrite the expected utility of the home household as
Since the log-normal distribution satisfies
, Equation (3.6) ultimately depends only on the second moments of consumption and the exchange rate. To derive these second moments, we rewrite the equations which give the closed-form solution to consumption and the exchange rate in log terms as:
9 Obstfeld and Rogoff (1998, 2002) argue that the utility of real balances is small enough to be neglected.
where small-case letters denote logarithms. The expected utility of the foreign household can be derived in the same way.
We simplify the exposition first and focus on a special case where ρ = 1, then give the result for the general case where ρ > 1. When ρ = 1, the expected labor supplies for both countries are constant, 10 EL = EL * = 1−α ηλ . Thus, the expected utility for the home country only depends on the mean of log consumption, the variance of log consumption has no impact on the expected utility of households.
From the money demand function c = ln χ + m − p and the assumption Em = 0, we may find that, when ρ = 1, the expected utility for home country is fully determined by the expected log price level.
Expected utility for the foreign country can be derived in the same way, EU * = − ln χ − 1−α λ − Ep * . From Appendix B, we have
It is straightforward to show that Ep < Ep * , and
Equation (3.14) implies that US households will have higher welfare than those in the rest of the world. Since the only departure from symmetry in the model is the feature that oil prices are set in US dollars, and the fact that this induces asymmetric trade pricing, then this must capture the utility gain to the US from its position as providing a world reference currency for international trade. 10 In the special case where ρ = 1, Γ = 1.
The argument extends in a straightforward manner to the case ρ > 1. In that case, as shown in Appendix C, to prove EU > EU * is equivalent to proving EC (1−ρ) < EC * (1−ρ) .
Since ρ > 1 and
, Appendix C shows that :
It follows then that we may state:
Proposition 2 With a dollar standard in international goods pricing, EU > EU * (households in the home country have higher welfare than those in the foreign country).
Proof: See Appendix C.
The intuitive mechanism through which US households gain, relative to those in the rest of the world, is through differences in price levels. While nominal prices are pre-set, the level at which they are set depends on the distribution of marginal cost and consumption, and the stochastic environment induced by the configuration of price-setting itself. Since oil is invoiced in US dollars, the foreign country's marginal cost is relatively more sensitive to exchange rate volatility. This leads to a higher pre-set nominal price of foreign goods.
Then, as shown in Equations 3.12 and 3.13, the foreign country has a higher log CPI price.
The difference between the expected home and foreign price level is given by (1 − n)ασ 2 u . So the higher is α, the share of oil in the production, the higher is the expected price level difference.
Given the money demand function, a higher expected price level translates into a lower mean of log consumption. In the special case where ρ = 1, we have that a) employment is constant, and b) expected utility depends only on the mean, and not the variance, of log consumption. Hence, expected utility of households, conditional on a given monetary policy, is negatively related to the nominal price level. Since Ep * > Ep, the foreign country is worse off than the home country.
When ρ > 1, both the mean and variance of log consumption will affect the expected utility. As shown in Appendix C, the variance of home log consumption is higher than that of the foreign country. Nevertheless, the mean of log consumption is still lower in the foreign country, for the same reason explained above. And this effect dominates the difference in variance of log consumption. So home households still have a higher welfare then foreign households.
Welfare gains from a reference currency
Qualitatively, we have shown that the US household gains from the role of the US dollar as the international reference currency for trade pricing. But how large can these gains be?
As shown in Appendix D, expressions (3.15) above can be interpreted as the fraction of average consumption that the US household would be willing to forgo in order to keep the US dollar as the reference currency. Thus, by calibrating the right hand side of (3.15) we can get a measure of the welfare gain to a reference currency, in real terms. 11 The calibration requires a choice of parameter values for ρ, the coefficient of relative risk aversion, σ 2 u , the variance of money shocks, n, the relative share of the US in world GDP, and α, the share of oil (or more generally, primary commodities) in consumption (or GDP). As a baseline case, we may take ρ = 1. To maximize the potential for large welfare effects, we choose σ 2 u so as to reproduce the variance of the quarterly growth rate of the US real effective exchange rate, which is approximately 0.0025. Were we to calibrate σ 2 u based on the volatility of money (e.g. M1) growth, the welfare gains would be even smaller. We choose n = 0.2, giving the US a twenty percent share in world GDP. Finally, we choose α = 0.08. This is much larger than the share of oil in US GDP (around 3 or 4 percent), but is realistic when we interpret α as the share of primary commodities generally, rather than oil in particular. Figure 1 illustrates the welfare gain, in terms of percentages of permanent consumption.
The most striking aspect is that the gain is extremely small. For our baseline case, the welfare gain is only 0.008 percent. At current prices, US consumption is about 8 trillion dollars. This implies that the total welfare gain to the US economy arising from its reference currency role (the dollar standard) is about 0.64 billion dollars. Figure 1 shows also how the welfare gain depends on ρ and country size, n. As ρ increases, the welfare gain rises, although it remains very small in absolute terms. We let country size increase from its baseline value to 0.5. The dependence on country size is non-monotonic. For low value of ρ, a rise in n to 0.5 reduces the welfare gain. For higher value of ρ, however, a rise in n raises the welfare gain. The intuition behind this is as follows. For ρ = 1, the welfare gain is solely a function of the impact of marginal cost 11 A notable feature of this welfare expression is that it does not depend on the volatility of the primary commodity price itself, nor the volatility of productivity shocks. This is because both factors effect welfare equally in the home and foreign countries. variability on the pre-set price of the foreign country good. When n rises, the weight of the foreign good in both countries CPI indices is smaller, and the negative welfare impact of marginal cost variability is smaller. With ρ > 1, however, there is a secondary impact of the differential pricing on welfare. This arises due to the covariance of discounted demand (captured by the terms C 1−ρ -see Technical Appendix) with marginal costs. This covariance leads to a higher CPI price in the foreign country, (because it experiences exchange rate pass-through of money shocks into consumption, while the home country does not). This effect is maximized at n = 0.5. Thus, as n rises towards n = 0.5, with ρ > 1, the welfare gains to the international currency will tend to rise. Nevertheless, by any metric, the gains are still exceedingly small.
While the estimates of the welfare benefits of a dollar standard are small in absolute terms, it is worth noting that from a different perspective, the benefits may be sizeable when compared with the benefits of eliminating all monetary policy volatility 12 . In the 12 Note that this is a somewhat artificial comparison, due to the fact that eliminating monetary policy variability would eliminate the benefits of a dollar standard itself, as is clear from expression 3.15. Nevertheless, as a quantitative statement, it is well known that the cost of uncertainty in such representative agent Technical Appendix, we present a calculation showing that, depending upon the value of ρ, and calibrating as in Figure 1 , the benefits of a dollar standard (in terms of permanent consumption) may be either less than or greater than the benefits that the home agent would get from the complete elimination of monetary policy volatility. The higher is ρ, the greater will be the benefits of the dollar standard relative to the benefits of eliminating all monetary policy volatility.
The Case with Active Monetary Policies
So far, we have taken monetary policy as passively determined. But in the presence of nominal price setting, monetary policy may be used to offset the welfare losses from price stickiness. We now extend the model to investigate how the results are affected when monetary policy is set optimally in each country. Now, there exists a sequential game between firms and monetary authorities. The firms choose the currency in which they set their export prices before monetary authorities announce their monetary rules. 13 Then, given the currency of pricing, each monetary authority chooses its optimal monetary rules in an international non-coordinated game. Note that both firms and monetary authorities make decisions before the state of the world is realized.
It is assumed that the monetary authorities commit to the following form of contingent money rules:
where {a, b} are policy parameters and will be discussed later. The term u and u * are the disturbances to money supply, as before.
To characterize the equilibrium, we have to consider the interaction between monetary authorities and firms:
(a) Given firms' currency of pricing, monetary authorities in the home and foreign countries choose the policy parameters {a, b} by solving the international monetary Nash type models are almost always small, and in relative terms the gains to a dollar standard are not smaller than the usual gains to eliminating consumption risk. game.
The optimal policy parameters {a, b} from Equation (4.3) must support both home and foreign firms's pricing strategies.
To find the equilibrium, we express the expected profit differential of firms' currency of firms. The procedure for constructing an equilibrium is to solve for the optimal monetary rules under each of the four possible cases, and then to check whether, given the optimal monetary rules, the firms' optimal pricing decision is consistent with the stated pricing policy as an equilibrium, in each case. For simplicity, we focus on the case where ρ = 1, but the results also hold in the more general case where ρ > 1. 14 In the Technical Appendix, we show that {s h , s f } = {LCP, LCP } and {LCP, P CP } will not be feasible equilibria. The reason is that all home firms will wish to follow PCP under all circumstances. Hence, there is no equilibrium under which home firms follow LCP. 15 In Table 3 , therefore, we focus only on the two cases {P CP, P CP } and {P CP, LCP }. The Table gives the optimal monetary policy parameters and the expected profit differential for the two possible pricing strategies when ρ = 1. 16 From Table 3 , we can see that the optimal monetary policy response to the oil price shock is the same for each of the two cases. Since the oil price shock is a common shock to both countries, the optimal monetary policy requires both home and foreign monetary authorities to respond in the same way. To fully eliminate the effect of the oil price shock on firms' marginal cost, for a one percent increase in the oil price, the nominal wage should 14 The value of the risk aversion parameter ρ only affects the welfare level and has no impact on the currency of pricing decisions for firms and the equilibrium of the game. Specifically, in the symmetric pricing specification, the optimal monetary rules are independent of the parameter ρ. 15 Specifically, when
Hence, given {a, b}, Ω(a, b) > 0 and Ω * (a, b) < 0. So it is not a possible equilibrium.
. This implies that Ω(a, b) > 0, so {LCP, P CP } is not a feasible equilibrium either. 16 The optimal parameters for the more general case where ρ > 1 depends on ρ, but they give the same intuition.
decrease by α 1−α , so the monetary authorities should reduce the money supply by
To see how an equilibrium can be derived from the results of the Table, we focus on the gains to the individual firm Ω(a, b) and Ω * (a, b) in each conjectured configuration {P CP, P CP } and {P CP, LCP }. If either firm has an incentive to deviate from the pricing strategy conjectured, then obviously that strategy is not an equilibrium.
From the Table, it is clear that under either case, it is optimal for the home country firm to continue to follow PCP. Even without oil as an input, the home firm would no longer be indifferent between PCP and LCP pricing (as it would without optimal monetary policy), because optimal monetary policy leads to a higher variance of the exchange rate that is not associated with a higher covariance of marginal costs and the exchange rate, so from (2.21), the optimal monetary policy tilts the calculation towards PCP.
For the foreign firm, the calculation is different. If the variance of productivity shocks is high enough, Table 3 indicates that again, the foreign firm will choose PCP, (so the {P CP, LCP } configuration cannot be an equilibrium). In particular, if 4) then the only equilibrium will be {P CP, P CP }, since the foreign firm will choose P CP in all cases. 17 If on the other hand, 5) then {P CP, LCP } is the only equilibrium, since the foreign firm will choose LCP in all cases.
Note from these two conditions that the oil input is necessary to sustain the {P CP, LCP } equilibrium since if α = 0, then all foreign firms will follow PCP, and the only equilibrium is {P CP, P CP }.
On the other hand, if
then there are two equilibria, since it can be established from Table 3 that the foreign firm would not wish to deviate either from {P CP, P CP } or {P CP, LCP }.
We may summarize the above arguments in the following proposition. 17 For any reasonable values of parameters, we always have Proposition 3 implies that the equilibrium depends on the relative size of productivity shocks. If productivity shocks are relatively small, then a dollar standard can be an equilibrium, so long as oil is an input into production. But if there are large productivity shocks, then the variance of the optimal exchange rate increases. This encourages both home firms and foreign firms to follow PCP. Given the size of shocks, an increase in α will increase the possibility of a dollar standard in international goods pricing. An increase in n will reduce the distance between two threshold values of Will US still gain from a dollar standard in this case? Given the difference between expected utility of the home household and the foreign household under a dollar standard (see Appendix E for detailed derivation) 18 
Proposition 3 If
σ 2 z σ 2 u ≥ α n 2 (1−α) 2 ,
EU − EU
We find that the condition for a dollar standard as a possible equilibrium, How does the revised welfare estimate affect the gains to a reference currency? From Equation (4.6), we see that the gains are in fact reduced. Intuitively, this is because, when monetary policy is employed optimally, the foreign country can use its monetary rule to generate a fully efficient response of consumption to domestic and foreign productivity 18 The welfare of households in both countries are only a function of the variance of productivity shocks and monetary shocks, as the optimal monetary policy fully eliminates the effect of oil price shock (common shock) on the welfare.
shocks, since there is positive exchange rate pass-through into the foreign country, and the expenditure switching mechanism works efficiently in the foreign economy. But the home country cannot do this, because there is no exchange rate pass-through into the home country at all. 19 As a result, the welfare benefits to the reference currency country are lower, in the presence of an optimal monetary policy response. But it is easy to establish that the reduction in the welfare gain is of second order. For instance, for a value of σ 2 z = 0.001 (roughly the variance in the Solow Residual for the US economy), using the same baseline calibration as in Section 3.4, the welfare gain to the reference currency goes from 0.008 percent to 0.0053 percent.
Conclusion
This paper constructs a model of the US dollar as an international trade currency for trade in final goods, and shows that this is directly linked to the role of the dollar as an invoicing currency in primary commodities. When the currency of export pricing is itself endogenous and primary commodities are required for production, the practice of US dollar pricing of export goods follows as a natural implication of dollar invoicing of primary commodities, both for US exporters and for foreign firms exporting to the US. Hence the convention of dollar invoicing of primary commodities leads naturally to the asymmetric pattern in the currency of price setting for trade in final goods. When the model is extended to allow for an optimal monetary policy followed in each country, a dollar standard can still be an equilibrium, but this depends critically on the relative sizes of external shocks.
Our model implies that the US consumer gains from the use of the dollar as an invoicing currency. Using a simple formula derived from our model, we may calculate the magnitude of the welfare benefit that the US obtains from its position as a reference currency. Nevertheless, we find that the gains to the representative US household are extremely small.
The model takes the world price of primary commodities as exogenous. An interesting extension of the model would be to incorporate the decision making of primary commodity producers into the analysis. We leave this for future research. The price index in foreign country is given by
We denote P * = Z S n , where From the pricing equation and price index, we have
